Objective: To compare clinical and metabolic features of adolescents having primary amenorrhea (PA) and polycystic ovarian syndrome (PCOS) with those having oligomenorrhea or secondary amenorrhea (OM/SA) and PCOS.
P
OLYCYSTIC OVARIAN SYNdrome (PCOS) is a heterogeneous condition with a spectrum of clinical and biochemical features, including symptoms of anovulation, hyperandrogenism, and polycystic ovaries. Obesity is a feature in 35% to 50% of cases. [1] [2] [3] There is evidence that insulin resistance, hyperinsulinism, and typical features of the metabolic syndrome (MS) are associated with the development of PCOS and its late metabolic implications. 1, [4] [5] [6] Many of the features appear during early adolescence as secondary amenorrhea (SA) or oligomenorrhea (OM) and as symptoms of hyperandrogenism such as acne and hirsutism. 1, [7] [8] [9] Primary amenorrhea (PA) is an uncommon manifestation of PCOS. 10, 11 Literature regarding PA and PCOS is scant. The reported percentage of PA as an initial feature in PCOS among small cohorts has varied between 1.4% 12 and 14%. 9 , 13 Nduwayo et al 14 described 9 patients with PCOS and PA, all of whom had signs of hyperandrogenism. Dramusic et al 9, 13 noted that most obese adolescents with PCOS had PA or prolonged SA, while girls of normal weight had OM. To our knowledge, no studies have compared specific clinical and biochemical features in adolescents with PA and PCOS vs those with OM/SA and PCOS.
We hypothesized that adolescents with PCOS and PA may represent a more severe spectrum of the PCOS disorder and exhibit a greater degree of hyperandrogenemia and metabolic disturbances. The objective of this study was to compare the clinical, biochemical, and radiologic features of adolescents having PA and PCOS with those having OM/SA and PCOS.
METHODS

DEFINITIONS
Primary amenorrhea was defined as no menstrual bleeding by age 16 years or older or no menarche at least 4 years after initiation of secondary sexual signs. Oligomenorrhea was defined as fewer than 9 menses per year. Secondary amenorrhea was defined as no menses for 6 months. 8 To decrease the possible confounder of physiologic anovulatory cycles occurring after menarche, OM and SA were only considered if present at least 2 years after menarche. Polycystic ovarian syndrome was defined according to the revised 2003 Rotterdam ESHRE/ASRM-Sponsored PCOS Consensus Workshop Group statement. 15 Metabolic syndrome was defined according to criteria by Weiss et al. 16 
STUDY POPULATION
This was a case-control study. All medical records of adolescents referred to the Endocrine Gynecology Clinic at The Hospital for Sick Children, Toronto, Ontario, Canada, from November 1, 2003, to May 31, 2006, with PA were reviewed. Inclusion criteria for the cases included PA and PCOS. Investigations to rule out other causes of PA included prolactin level, thyroid function, evaluation of the hypothalamic-pituitaryovarian axis, ultrasonography to detect structural genitourinary anomalies, and screening for congenital adrenal hyperplasia and Cushing syndrome. The control group (2 controls for every PA case) included adolescents with OM/SA and PCOS who were seen during the same 2 1 ⁄2-year period. This group was randomly collected as the first 2 patients seen at the clinic during the same month as each patient with PA.
DATA COLLECTION
Data collected included the following: (1) Demographic characteristics (age, race/ethnicity, and family history). (2) Coexisting medical illness and medications. (3) Clinical and physical findings (acne, obesity, hirsutism, elevated blood pressure, 
STATISTICAL ANALYSIS
Statistical analysis was performed using commercially available software (SAS version 9.1; SAS Institute Inc, Cary, North Carolina). The nonparametric Kruskal-Wallis test for continuous variables and the Fisher exact test for categorical variables were used to evaluate differences between the PA and OM/SA groups. Spearman rank correlation was performed to evaluate associations between variables. PՅ.05 was considered significant.
RESULTS
There were 9 subjects aged 14 to 18 years with PA and PCOS, matched to 18 subjects with OM/SA. Subjects represented various racial/ethnic backgrounds. Adolescents with PA and PCOS had statistically significantly increased family history of obesity and more features associated with MS (acanthosis nigricans, higher diastolic blood pressure, and lower high-density lipoprotein cholesterol level) (P =.04 for all) ( Table 1 and Table 2 ). The association between MS and obesity was statistically significant (P=.002).
Subjects with PA had pubarche and thelarche later than subjects with OM/SA; however, both were within the normal range. Features of hyperandrogenism were similar in the 2 groups. There was no significant difference in the hormonal profiles except for androstenedione levels (Figure) .
Ultrasonography findings were similar between the 2 groups. A subset of subjects underwent PC. All 6 in the OM/SA group exhibited a large amount of withdrawal bleeding; only 2 of 5 in the PA group responded to PC (P=.06). No association was detected between response to PC, androstenedione levels, and ultrasonography findings.
COMMENT
We hypothesized that the group of adolescents having PCOS and PA would exhibit a greater degree of hyperandrogenism and metabolic dysfunction compared with adolescents having PCOS and OM/SA. The prevalence of MS among youth in the United States varies between 4.2% and 8.4% in the general population but rises to 28% to 39% among obese adolescents (body mass index, Ͼ95th Comparison of serum levels of androstenedione, testosterone, and free testerone between the study groups. To convert androstenedione to nanomoles per liter, multiply by 0.0349; and testosterone to nonomoles per liter, multiply by 0.0347, A, For comparisons between the 2 groups, P = .05 for androstenedione and P = .07 for testosterone. B, For comparison between the 2 groups for free testosterone, P = .13. OM indicates oligomenorrhea; PA, primary amenorrhea; SA, secondary amenorrhea; lines within boxes, median; limits of boxes, 25th and 75th percentiles; extensions of boxes, minimum and maximum; and plus signs, means.
percentile) depending on the definition criteria used. [16] [17] [18] [19] The incidence of the MS was similar in the present study, at 25% among the cohort. In contrast, Coviello et al 20 reported MS rates of 11% in overweight girls and 63% in obese girls with PCOS. Differences in the results may be accounted for by differences in the number of subjects, duration of symptoms, degree of obesity among the subjects assessed, or definitions used of the MS and PCOS during adolescence. Although the PA group did not have a higher prevalence of MS compared with the OM/SA group, the PA group demonstrated more acanthosis nigricans, higher diastolic blood pressure, slightly elevated fasting insulin levels, slightly higher body mass index z score, and lower high-density lipoprotein cholesterol levels. Together, this suggests that adolescents with PCOS and PA may have a higher risk for features of MS than those with PCOS and OM/SA. Further prospective study among larger numbers of adolescent patients is warranted. Adult women with PCOS have higher rates of MS and type 2 diabetes mellitus and increased risk factors for cardiovascular disease, linked to the role of hyperinsulinism in the pathogenesis of PCOS, and it would be valuable to identify young women at greatest risk for these comorbidities. 21 The PA group had higher androstenedione levels compared with the OM/SA group. Higher serum androstenedione levels have been previously described in adolescents with PCOS, related to the hypothesis of isolated functional ovarian hyperandrogenism as being causative. 3, 22, 23 We did not find evidence of a history of premature adrenarche or elevation of dehydroepiandrosterone sulfate levels, which have been reported in patients with PCOS. 23 Although hyperandrogenism is a core feature of PCOS, most adolescents with PCOS exhibit elevated estrogen levels with thickened endometrial lining, anovulatory cycles, and OM or SA. 24 Hyperandrogenism has been suggested as a rare cause of negative withdrawal response to PC due to a persistently decidualized endometrium induced by a prolonged anovulatory state. 24 Our study results support this assumption because the adolescents with PA had laboratory evidence of higher serum androstenedione levels and lack of response to PC.
This study has some limitations. First, the study included a small number of subjects and a retrospective nature of evaluation, leading to potential bias in recall of puberty onset. However, all patients attended a specialized clinic and likely had heightened concerns about puberty, potentially improving the accuracy of patient recall. Second, PCOS can be difficult to diagnose in this age group because girls may indeed have acne, irregular bleeding, and physiologic anovulatory cycles following menarche. 9, 25, 26 By including those with OM/SA for comparison at least 2 years after menarche, we minimized this potential confounder. Third, the use of the free testosterone assay, rather than the calculated free androgen index, may underestimate the degree of hyperandrogenemia. The free testosterone assay has been criticized for representing only 20% to 60% of the free testosterone measured by equilibrium dialysis. 27 Although the link between PA and PCOS has been mentioned briefly in the literature, PCOS is rarely listed as a differential diagnosis for PA. Although PCOS is becoming more prevalent in parallel with rising obesity rates, studies [9] [10] [11] [12] [13] [14] have not evaluated the clinical features of this subgroup of patients with PA-PCOS. We conclude that adolescents with PA-PCOS are similar in many respects to those with OM/SA, but they demonstrate more features of MS and have higher androstenedione levels and lower frequency of response to PC. Accordingly, this may indicate elevated androgen levels or enhanced sensitivity to androgen with persistent decidualization of the endometrium. Further studies in a larger cohort of patients to determine the frequency of this finding are warranted. Finally, it is important for health care providers to recognize that PA may be due to PCOS so that appropriate investigative and management strategies may be undertaken. 
